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I.  ADJUSTABLE  MICROSTRIP  MATCHING  STRUCTURES 


A.  Introduction 

A  simple  method  of  adjusting  the  impedance  that  is  presented 
to  a  microwave  device  would  be  useful  to  obtain  a  low  noise  figure, 
high  gain,  or  high  output  power  from  the  device.  The  method (s)  inves¬ 
tigated  should  be  simple  in  the  sense  that  the  circuit  designer  should 
be  able  to  make  adjustments  with  impedance  matching  elements  that  are 
easy  to  adjust  and  simple  to  fabricate. 

The  specific  goal  of  this  effort  was  to  develop  procedures 
that  can  be  easily  used  by  microwave  circuit  engineers  to  obtain  a 
good  noise  figure  impedance  transformation  for  a  microwave  transistor 
amplifier  stage  in  a  microstrip  circuit.  The  procedures  developed  were 
for  gallium  arsenide  metal/semlconductor  field  effect  transistors 
(MESFET)  operating  in  the  8  to  12  GHz  frequency  range.  These  same 
procedures  can  also  be  applied  to  impedance  matching  for  other  micro- 
wave  semiconductor  devices. 

B.  Discussion  of  Candidate  Approaches 

There  are  obviously  many  possible  distributed  circuit  techni¬ 
ques  to  obtain  an  impedance  transformation  in  a  microstrip  circuit. 

These  methods  may  include  open  or  short-circuited  stubs,  high  or  low 
impedance  line  transformers,  tapered  lines,  coupled  lines,  or  dielectric 
loading.  To  select  a  candidate  approach,  the  following  criteria  were 
used: 

1.  Good  electrical  performance 

a.  low  loss 

b.  moderately  wide  bandwidth 
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2. 


Reproducible 

3.  Easily  adjustable 

4.  Simple  to  fabricate 

5.  Amenable  to  analysis 
C.  Gold  Ribbon  Open  Circuit  Stub 

A  scheme  that  was  initially  investigated  is  depicted  in  Fig.  1. 
A  microstrip  transmission  line  was  fabricated  with  a  checkerboard 
pattern  of  metal  squares  and  spaces  along  the  center  conductor  strips. 
By  connecting  the  center  conductor  to  various  sets  of  metal  squares, 
the  effective  source  lopedance  that  the  MESFET  sees  can  be  adjusted. 
This  is  accomplished  using  a  metal  atrip  of  gold  foil  as  shown  in  Fig. 
1.  The  configuration  can  be  modeled  as  an  open-circuited  stub 
attached  to  the  50  ohm  microstrip  line  as  shown  by  the  equivalent  cir¬ 
cuit  of  Fig.  1,  Using  the  well-known  transmission  line  matching  tech¬ 
niques  for  a  s ingle- stub  tuner,  the  appropriate  lengths  and  Z&  can 

be  easily  found  with  the  aid  of  a  Smith  Chart.  In  theory,  any  device 
impedance  can  be  transformed  to  50  ohms  at  a  single  frequency  if  the 
Impedance  has  a  positive  resistance. 

The  stubs  are  fabricated  by  cutting  an  appropriate  length  of 
gold  ribbon  with  scissors  and  positioning  it  on  the  circuit  with 
tweezers.  A  few  of  these  stubs  were  successfully  thermocompression 
bonded  by  placing  a  piece  of  25  mil  alumina  on  the  ribbon  and  heating 
the  alumina  with  the  tip  of  a  small  soldering  iron  for  about  10 
seconds . 

The  electrical  performance  of  the  gold  ribbon  stubs  were  very 
erratic.  When  a  stub  was  repositioned  along  the  length  of  a  terminated 
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”8'  1-  "atCh1"8  Clrcult  U’1”*  «•“  »oll  Open  Circuit  stub 


50  ohm  line,  the  resulting  reflection  coefficient  would  typically 
change  by  up  to  50%.  Close  inspection  revealed  that  a  small  air  gap  of 
a  few  mils  existed  between  portions  of  the  ribbon  and  the  alumina  sub¬ 
strate.  The  effect  of  this  air  gap  was  analyzed  to  determine  its 
significance.  Ignoring  fringing  effects,  the  air  gap  reduces  the 
effective  capacitance  per  unit  length  of  the  stub  line  by: 


S-  .  +  -L) 

c  c  c  c  ' 

o  oo  a 


-1 


-  (C  /C  +  1) 
o  a 


-1 


*  (£  d  /d  +  1) 
r  a  o 


-1 


(1) 


where: 


capacitance  of  line  with  no  air  gap 


C  =  capacitance  of  the  air  gap 
d 

C  »  total  capacitance  (C  and  C  in  series) 

a  o 

er  “  relative  dielectric  constant  of  the  alumina 
dfl  *  air  gap  thickness 
d  ■  substrate  thickness 


o 

The  effect  is  illustrated  in  Fig.  2.  The  graph  showB  the  reduction  in 
characteristic  admittance  of  the  stub  line  due  to  the  air  gap,  where 
Yc/Yco  *  (C/Cq).  The  shunt  susceptance  of  the  stub  is  given  by: 


Ys  -  JBs  ”  JYc  tan  kLs  (2> 

and  is  therefore  porportlonal  to  the  stub  characteristic  admittance  Y^. 
This  shows  that  an  air  gap  as  small  as  2  mils  reduces  the  stub  shunt 
susceptance  by  25%,  and  explains  the  poor  reproducibility  of  this 
matching  method. 
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D.  Metallized  Ceramic  Chip  (METCHIP)  Technique 


Analysis  of  the  problems  with  the  gold  ribbon  tuning  showed 
that  an  adjustable  metallic  tuning  element  must  be  capable  of  main¬ 
taining  intimate  contact  with  the  alumina  substrate  in  order  to  be 
reproducible.  In  fact  a  line  impedance  variation  of  under  10 X  requires 
a  maximum  air  gap  of  less  than  0.5  milt 

Since  microwave  alumina  substrates  are  manufactured  to  very 
small  flatness  tolerances,  a  small  chip  cut  from  a  metallized  substrate 
should  exhibit  only  a  very  small  air  gap  when  placed  on  another  sub¬ 
strate.  To  test  this  concept,  a  number  of  small  squares  were  fabricated 
using  a  programmable  laser  cutting  tool.  The  squares  ranged  in  size 
from  50  to  120  mils  on  a  side  in  10  mil  increments.  When  centered  on 
the  microstrip  conductor  with  the  metallized  side  facing  the  microstrip 
center  conductor  as  in  Fig.  3,  the  METCHIP  can  be  modeled  as  a  short 
length  of  low  impedance  microstrip  line.  The  line  transforms  a  load 
impedance  Z^  to  the  Impedance  Z £  given  by  the  familiar  transmission 
line  equation: 

Z ^  cos  kL  +  jZc  sin  kL 
Zl  “  Zc  Z£  cos  kL  +  jZ^  sin  kL 

where  Z£  »  characteristic  impedance  of  the  line  section 
L  -  length  of  the  line  section 

k  =  v'eT  “  transmission  coefficient  of  the  line  section 
c  r 

•  effective  dielectric  constant  of  the  microstrip  line 

Here  Z  and  e£  are  properties  of  the  microstrip  line  that  must  be  cal¬ 
culated  separately.  Sobol^  gives  expressions  for  these  as  follows: 
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METCHIP  Matching  Element 


(4) 


£r  "  £r/(1  +  0,63  (£r  "  D (W/H)0*1255) 


Z  - 


c  Jz~  W(1  +  1.735  e 
r  r 


376.8  H 

-.'0724 


(W/H)',iJ36) 


(5) 


where  W  *  width  of  the  microBtrip  line 

H  ■  thickness  of  the  dielectric  subatrate 

er  *  relative  dielectric  constant  of  the  substrate 

These  expressions  were  evaluated  for  characteristic  microstrip  imped¬ 
ances  from  10  to  50  ohms,  where  the  substrate  thickness  is  25  mils  and 
the  substrate  material  is  alumina  (£r  **  10) .  The  results  are  shown  in 
Table  1.  Using  this  data,  Eqn.  (3)  can  now  be  evaluated  to  determine 
the  METCHIP  impedances.  A  computer  program  was  written  in  BASIC  to 
solve  Eqn.  (2)  for  various  size  METCHtPs,  where  Z^  is  a  50  il  terminated 
line.  The  resulting  impedances  were  transformed  to  reflection  coeffi¬ 
cients  on  a  50  H  line,  where: 


50  -  Z' 

r;  - - 4 

1  50  +  Z l 


(6) 


The  output  is  plotted  in  polar  form  in  Fig.  4  and  as  functions  of  fre¬ 
quency  in  Figs.  5  and  6,  for  frequencies  ranging  from  2  to  12  GHz.  The 
program  listing  is  given  in  Table  2.  Fig.  5  shows  that  METCHIPs 
ranging  in  size  from  40  to  120  mils  can  be  used  to  synthesize  reflection 
coefficients  in  the  range  of  0.16  to  0.74,  at  any  frequency  in  the  7  to 
11  GHz  range. 

E.  METCHIP  Measurements 

To  check  the  validity  of  the  METCHIP  model  as  a  section  of  low 
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ze 

(OHMS) 

10 

1 1 

12 
1  3 
1  4 
1  5 
1  6 
1  7 
18 

1  9 
20 
21 
22 

23 

24 
28 
28 
2? 

28 

29 

30 

31 

32 

33 

34 

35 

36 
3  7 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


WIDTH 

<«ILS> 

247.691 
221 . 566 

1  99.786 
181 .396 
185.683 

132.104 
140.261 
129 .843 
120.612 
1 1 2 .379 
1 84 ,992 
98.3287 
92.2908 

86 . 7972 
81  .7758 

77.1703 

72 .9353 
69.0234 
65.4064 
82.0475 

38 .9233 

36 .0101 

33.288 

58 . 739 

48.3484 

46.1016 

43.987 

41  .9934 

40.1114 

38 .3321 

36 .6476 

35.0500 

33 .5337 
32 . 1262 
30.7798 
29.4985 

28.278 
27.1147 
26 .003 
24.946 
23 .9346 


dielectric 

(Ern 

8 • 54907 
8.45763 

8.3704 
8 .28718 
8.20771 
8 .13168 
©  •  05886 
7 .989 
7 . 921 93 

7 .85746 
7.79544 
7 • 73573 
7.6782 
7 .62277 

7.5693 

7.51 769 
7 .46791 
7.41 902 
7 .37338 

7 .3205 

7.28514 
7.24324 
7 .28273 
7 . 1  6358 
7 .12574 
7 .08916 
7 . 05381 
7.01 965 
6 .98664 
6.95476 
6.9239 7 
6 .89424 
6 .86555 
6 . 85247 
6 .8202 
6 . 78944 
6 . 76009 
6.73203 

6  •  70521 
6 .67953 
6.65492 


Constant  (er  eff)  of  uf  Diele^ric 

on  Alumina  (H  -  25  Lflcro8t:rlP  Lines 
Substrates  5  ®il8’  er  "  10) 
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DATA  i 76 ) 6 • 99  f  . 667 ) 7 >13)  >  394  j  7 >3  ,  .563(7 .43*  .488»7.55 
DATA  .448, 7. 66,. 414, 7. 75,  .386,7. 84,  .362, 7. 91 
COM  fit  1203 ,CC 1203 
LET  M-l 
FOR  L-4  TO  12 

DSPLfiV  "FOR  U  ■  "  , 10*L , "MILS  ,  2  (0)  ,K (REL) 

READ  S , K 

LET  Bl» .000532*SQR (K) 

LET  8 1  =  1 0  *L*B 1 
FOR  N=8  TO  20  STEP  2 
LET  B=»N*  B  1 
LET  8*TAN(B) 

CPAK (C ,G»C*B ,P> 

CPAK (G,B  ,  Q ) 

CD  I  V ( P  ,  G  ,  R ) 

CPfiK ( 1-REA (R)  ,-IMG (R)  ,P) 

CPAK ( 1 +RE A ( R )  , I  MG ( R )  ,  Q) 

CDI V  CP  ,G,R) 

LET  A  C  M  3  =  MR  G ( R  ) 

LET  CtM3»ANG(R) 

LET  M  =  M+1 
NEXT  N 
NEXT  L 
CLEfiR  C  1  ) 

LET  T*0 
BUF  (201 

SCALE  (2,12,0,1) 

SAXES  (  1  ,  .  1) 

FOR  L  s  0  TO  88  STEP  11 
FOR  M  3 1  TO  11 
LET  NaL+M 
IF  M> 1  GOTO  290 
PLOT (M+l  ,  A  t  N  3  ,0) 

GOTO  295 

PLOT  (M+l  ,R£N3 ,3) 

NEXT  M 
NEXT  L 
STOP  , 

FOR  M«i  TO  11  t 

for  l-0  to  06  Step  11 

LEt  ^«M+L 

IF  L  >  0  GOTO  350 

PLOT  (  ACN3  ,  C  C  N  3  ,0) 

GOTO  355 

PLOT  (  A  t  N  3  ,  C  t  N  3  ,2) 

NEXT  L 
NEXT  M 


Table  2.  Program  to  Calculate  METCHIF  Reflection  Coefficient 
(H-P  BASIC) 
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Fig.  5.  Reflection  Coefficient  Magnitude  for  40  to  120  mil  Square 
METCHIPs  (10  mil  increments) 
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impedance  transmission  line,  several  METCHIPs  were  measured  using  an 

3 

Automatic  Network  Analyzer  (ANA) .  The  ANA  System  measures  the  2-port 
scattering  parameters  of  a  microwave  device.  It  automatically  corrects 
for  internal  system  errors  using  stored  data  from  measured  calibration 
standards.  The  METCHIPs  were  placed  on  a  50ft  microstrip  line  fabri¬ 
cated  on  a  25  mil  alumina  substrate,  and  measured  at  9.35  GHz.  The 
calculated  and  measured  reflection  coefficients  are  plotted  on  a  portion 
of  a  Smith  Chart  in  Fig.  7  for  comparison.  The  measured  values  deviate 
from  those  calculated  by  -0.5  to  -5.5%  in  magnitude.  All  the  measured 
angles  are  rotated  toward  the  generator  (smaller  reflection  coefficient 
angle)  by  about  0.01  -  0.02  wavelengths.  The  reduction  in  magnitude 

may  be  caused  by  the  small  air  gap  between  the  METCHIP  and  the  ceramic 

3 

substrate.  The  angular  rotation  is  due  to  fringing  effects  at  the 
interface  of  the  METCHIP  and  the  50  ohm  mlcrostrlp  line.  This  effect 
can  be  accounted  for  by  modifying  the  simple  model  to  Include  short 
lengths  of  transmission  line  to  shift  the  reference  planes  as  shown  in 
Fig.  8.  The  magnitude  of  this  reference  plane  shift  was  empirically 
determined  to  be  a  linear  function  METCHIP  width,  i.e.  Ax  ■  k(W  -  Wq) . 

A  best  fit  approximation  to  the  measured  values  give  k  A  0.123  and 
A  24  mils,  where  Ax,  Wffl  and  WQ  are  the  physical  lengths  in  mils,  as 
indicated  in  Fig.  8.  The  results  of  this  empirical  correction  to  the 
transmission  line  model  are  shown  by  the  dashed  curve  in  Fig.  7.  These 
results  show  that  the  modified  transmission  line  model  can  be  used  to 
closely  approximate  the  METCHIP  performance.  The  reproducibility  can 
be  seen  from  the  measured  data  in  Fig.  7  for  several  devices  which  were 
remeasured  after  removal  and  replacement  on  the  50  ohm  line. 
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II.  APPLICATION  TO  MESFET  MATCHING 


A.  The  GaAs  MESFET 

The  gallium  arsenide  metal  epitaxial  semiconductor  field  effect 

18 

transistor,  first  proposed  by  Mean  in  1967,  is  establishing  its  perfor¬ 
mance  superiority  in  most  low  noise  microwave  receiver  designs.  The 
GaAs  FET  is  a  unique  device  with  numerous  applications,  for  example: 
amplifiers,  oscillators,  mixers,  modulators,  parametric  amplifier 
replacements,  and  RF  switches.  Demonstrated  performance  to  date 
includes  amplification  at  frequencies  up  to  the  millimeter-wave  region 
(10  dB  gain  at  30  GHz),  low  noise  amplification  (less  than  2  dB  noise 
figure  at  8  GHz),  and  more  than  2  Watts  power  output  at  10  GHz.  This 
performance  has  opened  the  door  to  applications  ranging  from  active- 
element  phased  array  radars,  to  low-cost  portable  satellite  receivers. 

(1)  Device  Topology 

Fig.  9  shows  a  plan  and  cross-sectional  view  of  a  typical 

GaAs  MESFET.  Alloyed  metal  ohmic  contacts  form  the  source  and  drain, 

and  a  metal-semiconductor  (Schottky-barrier)  junction  forms  the  gate. 

High  frequency  performance  is  enhanced  by  the  planar  geometry,  which 

minimizes  stray  capacitances,  and  by  the  high  electron  mobility  of  the 

2 

gallium  arsenide  material,  which  is  in  the  range  of  3000  to  8000  cm  / 
volt-sec  at  300°C,  about  five  times  higher  than  silicon.  The  very 
short  gate  length,  L^,  (0. 2-2.0  microns)  is  a  critical  parameter,  since 
it  determines  the  electron  transit  time  in  the  gate  region,  and  there¬ 
fore  the  maximum  operating  frequency.  The  saturated  current  1^  , 

proportional  to  the  gate  width,  W^,  (approximately  300  microns  in  a  low 
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i 

I 


(approx) 


noise  device)  and  the  active  layer  height,  a,  (0. 1-1.0  microns),  which 
therefore  strongly  influence  the  maximum  power  capability  of  the  device. 
(2)  Equivalent  Circuit 

Fig.  10  shows  the  small  signal  lumped  equivalent  circuit 
elements  of  the  GaAs  MESFET  in  relation  to  the  device  geometry.  The 
element  values  given  are  published  results^  based  on  device  modelling  of 
the  type  NEC244  transistor  used  in  this  investigation.  Comparison  of 
measured  scattering  parameters  with  those  predicted  by  this  model  pro¬ 
vide  a  useful  check  for  the  validity  of  the  model. 

B.  Device  Characterization  Techniques 

The  noise  figure  and  gain  of  a  MESFET  amplifier  stage  are 
functions  of  the  source  and  load  impedances,  the  device  bias,  the 
operating  frequency,  and  the  ambient  temperature,  humidity,  and  light 
level.  Fortunately,  the  last  three  parameters  have  been  seen  to  have 
only  a  small  effect  on  most  devices  at  room  temperature,  and  under 
normal  laboratory  conditions.  Measuring  the  effects  of  the  first  four 
parameters,  however,  still  presents  a  formidable  task,  and  requires  a 
systematic  approach  to  the  device  characterization. 

(1)  Measurement  Setup 

The  setup  diagrammed  in  Fig.  11  was  designed  to  provide 
highly  accurate  gain  and  noise  figure  measurements  for  MESFET  devices 
over  the  8  to  10  GHz  band.  Frequency,  bias,  and  tuning  conditions  can 
be  changed  and  their  effects  measured  without  changing  the  setup  con¬ 
figuration.  Gain  or  noise  figure  measurements  are  selected  by  simul¬ 
taneously  energizing  the  two  SPDT  aelenoid  operated  coaxial  switches. 
Device  tuning  is  accomplished  directly  on  the  FET  test  fixture  using 
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Pig*  11*  Gain/Noise  Figure  Measurement  Setup 


METCHIPs,  or  with  external  coaxial  tuners.  The  bias  supplies  incor¬ 
porate  series  resistors  of  100  ohms  in  the  drain  and  1000  ohms  in  the 
gate  circuit  provides  "soft"  bias  to  the  device  to  avoid  burnout  due  to 
bias  supply  transients.  Independent  monitoring  of  source  and  gate 
voltage  and  current  is  provided. 

(2)  Microstrip  Test  Fixture 

The  microstrip  test  fixture,  sketched  in  Fig.  12,  was 
designed  specifically  for  MESFET  microwave  characterization,  and  is 
quite  suitable  for  METCHIP  tuning.  As  shown  in  Fig.  3,  the  FET  die  is 
mounted  to  a  metal  rib  on  the  microstrip  carrier  using  heat-setting 
epoxy  adhesive.  Thermocompression  stitch-bonded  0.7  mil  gold  wires 
provide  the  device  electrical  connections.  The  device  carrier  is 
clamped  into  the  test  fixture  assembly  by  tightening  four  screws  which 
are  tapped  into  the  center  block.  This  block  is  machined  5  mils  shorter 
than  the  carrier  to  ensure  good  ground  continuity.  The  center  conduc¬ 
tors  of  two  miniature  50  ohm  coaxial  lines  protrude  from  the  end  blocks 
to  provide  pressure  contact  to  the  microstrip  lines.  The  coaxial 
sections  then  transition  to  precision,  sexless  7  mm  (type  APC-7)  con¬ 
nectors,  which  provide  highly  repeatable  connections,  and  a  precisely 
located  reference  plane. 

(3)  Gain/Noise  Figure  Measurement  Procedure 

To  provide  accurate  measurements,  the  test  setup  of  Fig. 

11  must  be  calibrated  at  each  measurement  frequency,  due  to  variations 
in  loss,  coupling,  sweeper  power  output,  and  noise  figure  of  system 
components  over  frequency.  The  calibration  consists  of  the  following 
steps: 
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1.  Connect  the  microwave  noise  source  to  the  drain  bias 
tee.  Measure  and  record  the  noise  figure,  NFa,  at  each  test  frequency. 

2.  Replace  the  microstrip  FET  carrier  with  an  equal  length 
microstrip  through  line,  connect  the  noise  source  to  the  test  fixture, 
and  measure  the  noise  figure  NF^  at  each  frequency. 

3.  Connect  the  setup  in  the  standard  configuration,  and 
adjust  variable  attenuator,  Al,  for  a  standard  reading  on  the  microwave 
power  meter  at  each  frequency.  (To  ensure  that  gain  measurements  are 
made  in  the  linear  region  of  the  FET  device,  the  reference  power  level 
should  be  a  minimum  of  10  dB  below  the  1  dB  device  output  gain  compres¬ 
sion  level.  For  the  NEC244  device,  a  reference  level  of  0.1  mW  was 
used).  Record  the  attenuator  setting  used  at  each  frequency. 

4.  Measure  and  record  the  noise  figure,  NFc>  at  each  fre¬ 
quency  . 


After  the  setup  has  been  calibrated,  the  microstrip  FET 
carrier  can  be  replaced  into  the  test  fixture  and  measurements  taken 
without  further  calibration.  It  was  found  that  the  setup  calibration 
would  hold  without  significant  drift  for  at  least  eight  hours,  however 
it  should  be  recalibrated  if  measurements  are  made  on  a  subsequent  day. 

Measurement  of  device  gain  is  straight-forward.  Since  all 
signal  losses  are  accounted  for  in  the  setup  calibration,  the  device 
gain  is  simply  -  Pmeagured/Pref • 

Finding  the  device  noise  figure,  NF^,  from  the  measured 
noise  figure,  NF^,  requires  a  knowledge  of  the  loss  between  the  noise 
source  and  the  device,  L^,  and  the  noise  figure  of  the  system  following 
the  device,  NF^.  Recalling  that  the  noise  figure  of  a  linear,  passive 
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element  at  room  temperature  is  equal  to  its  insertion  loss,  the  loss  of 
the  microstrip  test  fixture  is  simply:  Lf  -  NF^  -  NFa,  where  quantities 
are  expressed  in  dB.  Since  the  fixture  is  symmetrical,  it  can  be 
assumed  that  this  loss  is  split  between  the  input  and  output  ports  of 
the  fixture.  The  required  quantities  and  can  now  be  determined 
where  NF  ■  10  log  F  as: 

L1  ■  NFc  -  NFfa  +  (NFb  -  NFa)/2  (7) 

and  NF2  -  NFa  +  (NFfe  -  NFft)/2,  (8) 

where  all  quantities  are  expressed  in  dB.  Mow,  using  the  Frlls  equation 
for  cascaded  noisy  2-ports: 

FT0T  "  F1  +  (F2  "  1)/G1  +  (F3  “  D/Gfo'  +  *  *  ‘ »  W 

where  all  quantities  are  expressed  as  ratios,  the  measured  noise  figure 
can  be  related  to  the  device  noise  figure  by: 

F„  ■  4  +  <rd  -  +  (p2  -  «V°d 

■  H  <Fd  *  (F2  '  1>/0d)-  <10> 

As  this  equation  clearly  shows,  the  measured  noise  figure  value  is  a 
function  of  both  the  device  gain  and  noise  figure.  In  order  to  con¬ 
verge  on  a  bias  or  tuning  condition  that  results  In  a  minimum  device 
noise  figure,  the  actual  value  of  NF^  must  be  determined  for  each 
subsequent  adjustment.  This  can  be  done  with  either  a  programmable 
calculator,  or  by  using  a  family  of  curves  such  as  those  plotted  in 
Fig.  12a.  This  plot  was  used  to  quickly  estimate  the  device  noise 
figure  from  the  measured  data,  for  a  system  calibration  at  9.35  GHz, 
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Gain 


Fig.  12a.  Graph  Used  to  Find  Device  Noise  Figure  from  Measured 
Noise  Figure  and  Gain  (L-  -  0.9  dB,  NF2  -  8.8  dB) 
From  Measurements  Described  in  Eqns.  7  and  8. 


8.8  dB. 


where  -  0.9  dB  and  ■* 

C.  MESFET  Characterization 

The  type  NEC  244  MESFET  was  selected  for  this  investigation, 
since  it  is  well  known  and  widely  used  in  the  microwave  industry.  It 
is  a  one-micron  gate  length,  300  micron  gate  width  device  designed  for 
low  noise  applications  at  frequencies  up  to  12  GHz. 

(1)  Effect  of  Device  Bias 

Selecting  a  suitable  bias  point  for  a  low  noise  amplifier 
stage  requires  a  knowledge  of  the  tuned  minimum  noise  figure  and 
associated  device  gain  over  a  wide  range  of  bias  conditions.  The 
initial  measurements  showed  that  while  drain  voltage  variation  showed  a 
small  effect,  the  drain  current  level  was  by  far  the  determining  para¬ 
meter  for  the  device  noise  figure  and  gain.  The  drain  voltage  was  there¬ 
fore  fixed  at  3  V  to  remain  in  the  saturated  drain  current  region  of  the 
device,  and  below  the  nominal  6  V  gate-to-drain  breakdown  voltage  for 
the  range  of  applied  gate  bias.  The  drain  current  was  adjusted  to 
values  from  2.5  to  35  mA  by  controlling  the  gate  voltage.  At  each 
value  of  drain  current,  the  MESFET  was  tuned  for  the  minimum  device 
noise  figure  using  a  coaxial  tuner  at  the  input,  and  METCHIP  tuning  at 
the  output  of  the  device.  The  measured  results,  shown  in  Fig.  13, 
indicate  that  the  optimum  bias  levels  for  low  noise  figure  and  high 
gain  show  conflicting  trends.  To  determine  a  suitable  bias  level  for 
low  noise  operation,  a  quality  factor  called  noise  measure,  M,  can  be 
defined  as  the  noise  figure  of  an  Infinite  cascade  of  identical  ampli¬ 
fier  stages.  Solving  the  Fills  equation  for  this  condition  gives: 
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NEC  244  #11 


Versus  Drain  Current  for  MESFET 


M 


F 


+ 


F-l 

G 


+ 


F-l 

G2 


+ 


-  (FG-1)/ (G-l) 


(ID 


where  quantities  are  expressed  as  ratios.  From  Fig.  13,  the  optimum 
noise  measure  of  3.34  dB  occurs  at  a  drain  bias  level  of  about  10  ma. 
The  bias  was  fixed  at  this  point  (VQ  ■  3  V,  1^  *  10  mA)  for  the  subse¬ 
quent  measurements. 

(2)  Noise  Figure  Variation  with  Tuning 

To  understand  the  noise  figure  behavior  of  a  GaAs  FET 
stage  due  to  timing  variations,  it  is  fruitful  to  refer  to  the  analysis 
of  Haus  and  Adler, ^  in  which  the  transistor  is  treated  as  a  noisy 
linear  two-port  network.  The  analysis  shows  that  the  noise  figure  can 
be  expressed  as  a  function  of  the  source  admittance  by  the  relation: 


F  -  F  .  +  R  /G  [(G  -  G  )2  +  (B  -  B  )2J, 

min  a  8  s  on7  s  on 


(12) 


Fmin  “  device  noise  figure 

R  »  equivalent  noise  resistance  of  device 


G  „  +  IB  “  optimum  source  admittance  for  F  . 
on  J  on  min 


G  +  jB 
s  J  s 


actual  source  admittance 


In  terms  of  the  source  reflection  coefficient,  this  can  be  expressed  as 

|r  -  r  |2 

F  -  F  +  4R  - 8  2--°n - —  (13) 

D  /t  I  -n  I 


a  -  lr,r>|i  +  rj' 


The  parameter  R  is  found  to  be: 
n 

r  -  (?  -  f  .  nil  +  r  1 2/4| r  I2) 
n  o  min  1  on1  '  on1 

where  F  ■  noise  figure  where  T  »  0. 

o  s 
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(14) 


For  a  given  frequency,  bias,  and  output  tuning,  a  unique 

set  of  parameters  F  .  ,  F  and  V  can  be  obtained  using  the  measure- 
mm  o  on 

ment  setup.  It  was  found  that  the  output  tuning  produced  a  negligible 
effect  on  these  noise  parameters  as  long  as  it  was  adjusted  near  the 
optimum  gain  point.  This  is  expected  due  to  the  high  reverse  isolation 
(small  value  of  S12)  of  the  GaAs  FET  device.  The  following  procedure 
was  used  to  measure  the  noise  parameters: 

1.  Adjust  the  device  bias  point  near  the  optimum 
noise  measure  condition.  (Por  the  NEC  244  GaAs  FET,  VD“  3  V,  Ip' 

10  mA). 

2.  With  the  input  unmatched,  (1^  -  0),  adjust  the 
output  tuning  using  an  appropriate  METCHIP  to  obtain  maximum  gain. 

3.  Measure  the  resulting  gain  and  noise  figure  and 
calculate  the  device  noise  figure,  NFq,  using  the  Friis  equation,  or 
the  family  of  noise  curves. 

4.  Adjust  the  input  tuning  using  an  appropriate 
METCHXP  to  obtain  a  minimum  device  noise  figure,  NF^n . 

5.  Measure  the  length  of  transmission  line,  x, 

between  the  input  tuning  METCHIP  and  the  MESFET  using  a  low  power 

microscope  with  a  calibrated  reticle,  and  calculate  F  using  the 

on 

relation: 

T'  -  Te  where  k  -  2irfve^/c,  (15) 

*  effective  dielectric  constant  of  the  50  ohm  microstrip  line. 
Performing  the  above  procedure  for  the  NEC  244  MESFET  at 
9.35  GHz  produced  measured  values  of  NF  ■  3.50  dB,  NF  -  2.81  dB 
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using  an  80  mil  METCHIP  with  x  -  67  mils.  From  Fig.  7  it  is  seen  that 
the  measured  reflection  coefficient  of  the  80  mil  METCHIP  is  0.54/196° . 
Transforming  through  the  distance  x  to  the  MESFET  input  terminals  pro¬ 
duce  a  phase  shift  of  A<$  ■  -2kx  radians 

”  -2(360)  fx/ej/c  deg 

■  -61.9  •  f(GHz)  •  x(cm)  deg 

■  -98  deg  for  x  *  67  mils,  f  ■  9.35  GHz 

Then  r  -  0.54  7196-98°  -  0.54/98°. 
on 

The  device  noise  figure  for  any  input  tuning  condition,  I*  ,  can  now  be 
found  from  these  noise  parameters  and  Ecjn's  13  and  14.  This  can  be 
shown  graphically  by  constructing  a  family  of  "noise  figure  circles"  on 
the  Smith  Chart  of  the  fa  plane.  The  circles  have  centers  and  radii 


calculated  by  Haus  and 

Adler  to  be: 

center: 

ct  •  W«> ♦  V 

(16) 

radius : 

r±  -  +  _  | 

iFj’T/d  +  v 

(17) 

where 

"i  •  <P1  -  W1 

(18) 

F^  is  the  noise  figure  that  results  from  any  source  reflection  coeffi¬ 
cient  on  the  locus  of  the  circle.  C^  and  R^  were  calculated  for  values 

of  NF.  «  NF  .  +  0.10,  0.25,  0.5  and  1.0  dB.  The  results  are  plotted  in 

I  min 

Fig.  14. 

(3)  Device  Scattering  Parameters/Gain  versus  Tuning 

The  scattering  parameters  of  the  NEC  244  FET  were  measured 
with  the  device  mounted  in  the  50  ft  microstrip  test  fixture  previously 
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Fig.  1A.  Noise  Figure  Versus  Input  Tuning  NEC  2AA,  V.  *  3  V, 
10  mA  f  -  9.35  GHz 


3  v,  and  the 
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(26) 


C1  “  S11  -  AS 


22 


C2  "  S22  ‘  AS11 


(27) 


(The  plus  sign  of  Eqns  19,  22  and  23  la  used  If  K,  <  0,  and 
minus  If  K,  B1  >  0.) 

The  device  Is  unconditionally  stable  for  all  tuning  condi¬ 
tions  of  IrJ,  |rL|  <  1,  if  K  >  1  and  B^,  B2  >  0. 

If  port  1  is  not  conjugately  matched,  the  available  gain 


G^  can  be  expressed  as  a  function  of  the  source  reflection  coefficient 


rs  by: 


i  i  .  ‘"sir,  -rj2 


(28) 


G  G 
a 


*max  (1  -  |r8n|l  +  r. 


ms' 


Using  this  relation,  a  family  of  constant  gain  circles 
can  be  plotted  on  a  Smith  Chart  in  the  source  reflection  coefficient 
plane.  These  circles  will  have  centers  CG1  and  radii  given  by: 


"Gi 


-  r _ /(I 


+  Gai> 


(29) 


R 


Gi 


(1/(1  f  Gal 


>)^ai2'*"c.i  (1  -  lrMl2) 
1  l1  +  rJ2 

Gamax  4  R.g 

Re  ^22>'iy2li2 


(30) 

(31) 

(32) 


(if  sn)(i-s22)  +  s21s12 

y22  “(If  Su)(l  f  S22)  -  SnS12 


(33) 
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(34) 


_ _ ^1 _ 

y21  (1  +  S11) <1  +  S22)  -  S21S12 

Similar  relations  for  the  available  gain,  due  to  varia¬ 
tions  in  the  load  reflection  coefficient  can  be  obtained  by 
exchanging  with  S22  and  S^2  with  S21  in  the  above  relations. 

To  determine  the  effect  of  input  and  output  tuning  on  the 
gain  of  the  FET  amplifier  stage,  a  program  was  written  in  BASIC  to  per¬ 
form  the  complex  arithmetic  to  evaluate  equations  19  to  34,  and  to  plot 
families  of  gain  circles  in  the  source  and  load  reflection  coefficient 
planes.  The  program  is  listed  in  Table  4.  A  sample  execution  is  shown 
in  Figs.  15  and  16  for  the  NEC  244  FET  at  9.35  GHz.  Outputs  for  S-para- 
meters  in  the  8  to  10  GHz  range  are  listed  in  Table  5. 

The  gain  circles  clearly  illustrate  the  sensitivity  of 
the  gain  to  the  source  and  load  reflection  coefficient  values.  It  can 
be  seen  from  Figs.  15  and  16  that  the  coefficients  must  be  controlled 
to  within  approximately  ±25Z  in  amplitude  and  20°  in  phase  to  obtain  a 
value  of  gain  within  2  dB  of  the  maximum  available. 

D.  Low  Noise  MESFET  Amplifier 

Using  the  procedures  outlined  in  Sections  IIB  and  C,  the  NEC 
244  FET  was  tuned  using  METCHIP  matching  for  optimum  noise  figure  at 
9.35  GHz.  The  physical  layout  and  electrical  equivalent  circuits  for 
the  amplifier  stage  are  shown  in  Fig.  17.  The  measured  METCHIP  posi¬ 
tions  are  x^  »  54  mils  and  x2  ”  98  mils.  The  equivalent  free  space 
electrical  line  lengths  t ^  to  t ^  for  the  circuit  model  are: 
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MAC, PNC)  -  .  654083  -1  13.999 

MPG.PNG)  -  6 . 8  9  9  63E-92  47.9939 

MPG  ,  PNG )  -  1  .38211  82.9977 

MPG.PNC) .  -  .?88998  -19.9949 

.39243 

S)  (MPG.PNC)  -  .729107  127.372 

L)  (MPG.PNG)  *  .772028  30.1651 

=  2.89708E-02 

)  -  9.87234  C(1 


Program  to  calculate  the  optimum  source  impedance 
and  load  impedance  ,RHO(MS)  &  RHO(ML),  and  plot  gain 
circles  when  the  device  S-parameters  ore  given. 

3  DATA  .  33 1  ,-132 

6  DRTR  .126,34 

7  DRTR  1  .368,63 

8  DRTR  .636,-37 
10  DIM  SC  123 

15  CLEARtl) 

20  LET  N»0 
30  FOR  L«1  TO  2 
40  FOR  Mai  TO  2 
60  LET  N«K+ 1 

63  DSPLflY  “S";L;Mj“tMfiG,ANG)  -  •  | 

70  INPUT  fl,B 

75  LET  B=B'57.296 

80  CPRK (A*CO^ <B)  ,fl*SIN (B)  ,SCN3 ) 

90  NEXT  M 
100  NEXT  L 
104  CLERRC1) 

103  DSPLflY  "Sll  (MRC.RNC)  >  ■ j MAG ( S £  1 3 )  f RNC ( S t 1 3 1 

106  DSPLRY  “ S 1 2  (  MRS  ,  RNC 1  «  " j MAG ( S C 2 3 )  , RNC ( S C 2 3 ) 

107  DSPLflY  "S21  (MRC.RNC)  -  "  J MAC  (  S C 3 3 )  j RNG  (  S C 3 3 ) 

108  DSPLflY  ''  S22  (MAC, RNC)  -  “ » MRG  (  S C 4 3 ) j RNC ( S C 4 3 ) 

110  CMPY  ISC  13  ,  S  C  4  3  ,S1) 

120  CMPY (SC23  ,SC33  ,S2) 

130  CSUB (SI ,S2 ,D) 

140  LET  K  =  H-MRG(D)f2-MRG(SCl 3 ) t 2-HAC ( S t 4 3 ) T2 
150  LET  K=K/(2*MAG(SC33)*MRC(SC23) ) 

153  DSPLflY  11 K  »  "  j  K 

136  IF  K> 1  GOTO  160 

157  DSPLflY  " CON  I T I ONRLLY  STABLE  S-PARAMETERS* 

138  STOP 

160  LET  B=MflG(SC13)t2-MAC(SC43)t2 
170  LET  B1=1+B-MRG(D)T2 
180  LET  B2=*l -B-MAG  (D)  T2 
190  CPAK(REA(SC43) , -IMC(SC4  3) ,S3) 

200  CMPY  (S3  ,D ,S4) 

210  CSUB  (SC  1  3  ,S4  ,C1 3 

220  CPflK  (RER  (SC  1 3),-IMCCSC13),S3) 

230  CMPY(S5,D,S6) 

240  CSUB  (SC43  ,S6  ,C2) 

250  LET  Rl*Bl-SQR(81t2-4#KAC (Cl )?2> 

260  LET  RUR1/  (2*MAG(Ci  JT2) 

270  CPAK  (RET:  (Cl  )  ,-IMGCCl )  ,C3) 

280  CPRK ( R 1  ,0  ,R1 ) 

290  CMPY (R1  ,C3  ,R1) 

295  DSPLRY  "RHO(MS>  (MRC.RNC)  a  "jMRC(Rl) | ANG (R1 ) 
300  LET  R2-B2-SQR (B2T2-4*MRC (C2) t2) 


Table  4.  GAIN  CIRCLES  -  Program  Listing 
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3  10  LET  (2*M0C (C2) T2) 

320  CPBK(REB(C2)  ,-IKStC2)  ,C4) 

330  CPRK ( R2 , 0 ,R2) 

340  CMPY (R2 ,C4 ,R2) 

345  DSPLBY  " R H 0  (ML)  (  MRG  , PNG )  -  ” | MRG ( R2 )  | PNC C R2 3 

350  CPRK  (  1  ,  0 , U ) 

360  CPDD (U  ,SC 1 3  ,S5) 

370  CPDD  CU  ,SC43  ,S6) 

380  CSUB (U  ,SC43  ,37) 

390  CMPY (S5  ,S6 ,S81 
400  CSUB (S8  ,S2  ,  S8) 

410  CMPY CSS ,S7 ,S9) 

420  CPDD CS9  ,S2  ,S9) 

430  CDI V CS9  ,S8 ,S9) 

440  LET  R.RERCS9) 

450  CPRK ( -2*RER  (  S  C  3  3 )  ,-2*IMG(SC33)  ,  S5) 

460  CDI V  CSS  ,S8  ,S5) 

470  LET  R«R/ (  MBG C  S5  ) t2) 

480  DSPLRY  “  R  (EC)  -  "|R 
500  LET  G-K-SQR CKT2-1 ) 

510  LET  G«G*MRG CSC33 ) ^MPG(SC23) 

515  LET  G4-4 . 3429#L0G (G) 

516  DSPLPY  “  G  (  M  P  X  3  «  ,,5G4j"dB" 

517  PPUSE 

518  CLEBR(l) 

520  CPDD (U  ,R1  ,G1 ) 

530  LET  G1=-MRGCC1)T2^C4*R*G) 

540  BUF C  75 ) 

555  SCALE  (-1  ,  1  ,-i  ,  1  ) 

556  PL0TCREACR1)  ,  I M  G  C  R  1  )  ,3) 

557  LPBEL  " X " 

560  FOR  N  = 1  TO  5  STEP  2  '  ‘ 

565  IF  N>  3  LET  N-6 

570  LET  G2-G1* C 1 .2389tN-l ) 

580  LET  R3-SQR CG2t2*G2* C 1-MPG CR1 ) T2)J ✓ ( 1+G2) 

590  LET  XsREP C  R  1 ) / (  1  +  G2 ) 

600  LET  Y-IMG CR1 ) ✓ C 1+G2) 

605  LET  Q«0 

610  FOR  M-0  TO  24 

615  IF  H>0  LET  Q-3 

620  LET  S«3 . 141  59*11/' 12 

630  PLOT CX+R3*C0S CS)  ,Y+R3*SINCS)  ,Q) 

640  NEXT  M 
645  LPBEL  "  -  "  N 
650  NEXT  N 
660  SM I TH  C 1  ,  1  ) 


Table  4.  (Continued) 
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Fig.  17.  FET  Amplifier  Stage 

(a)  Physical  Layout  (5  X  scale) 

(b)  Electrical  Equivalent  Circuit 


(35) 


l2  "  L2^2  (36) 

*3  "  (L3  +  (37) 

*4  "  (L4  +  Ax2)’^  {38) 

where  e  . ,  e  _,  and  e  are  the  effective  relative  dielectric  constants 

ri  rz  ro 

of  the  80,  100,  and  24  mil  width  microstrip  lines,  and  Ax^,  Ax ^  ate  the 
lengths  given  by  the  modified  METCHIP  model  of  Chapter  I.  and 

are  obtained  from  Table  1  as  24.4  and  20.8  ohms,  respectively. 

Fig.  18  shows  the  amplifier  performance  measured  on  the  gain/ 
noise  figure  test  setups  over  the  8  to  10  GHz  range.  The  plotted  values 
represent  the  overall  amplifier  stage  performance,  and  are  not  corrected 
for  circuit  losses.  These  measurements  show  that  one  can  obtain  a  good 
noise  figure  and  gain  match  over  a  moderate  bandwidth  at  X-band  using 
the  METCHIP  matching  technique. 


III.  COMPARISON  TO  CIRCUIT  MODEL 

In  this  chapter,  the  NEC  244  MESFET  is  modeled  as  a  small  signal 
lumped-element  equivalent  circuit.  The  FET  model  is  inserted  into  the 
FET  amplifier  circuit  model  of  Fig.  17,  and  the  predicted  performance 
is  compared  with  the  actual  measured  results. 

A.  GaAa  MESFET  Model  and  Analysis 

An  equivalent  circuit  model  which  has  been  shown  to  be  useful 
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4 

in  predicting  small-signal  MESFET  behavior  is  shown  in  Fig.  18.  In 
order  to  predict  the  S-paraoeters  in  a  50Q  system,  source  and  load 
generators  Ep  and  Ep  R2  were  added  to  the  FET  model.  A  program 
was  written  in  BASIC  to  analyze  this  circuit,  given  the  lumped  element 
values  and  the  frequency,  and  to  output  the  S-parameters  of  the  model. 

The  program  solves  three  simultaneous  equations  to  determine 
the  loop  currents  Ip  Ip  and  1^  for  the  two  conditions  ■  1,  *  0 

and  E^  *  0,  E^  *  1.  The  scattering  parameters  are  determined  from  the 
currents  1^  and  I2  as  follows; 

By  definition,  the  incident  waves  Sp  a2  and  the  reflected  waves 
b^,  are  related  by  the  scattering  parameters  as: 


bl  *  Sllal  +  S12a2 

(39) 

b2  -  **21al  +  S22a2 

(40) 

where. 

e  H  >sCVn//2~  +  /Z~  I  ) 
n  n  cn  cn  n 

(41) 

b  =  h(.v  /&  -  J~Z  I  ) 

n  n  cn  cn  n 

(42) 

Now,  letting  Zcn  *  50  ft,  and  recalling  that  the  incident  waves  a^  and 
&2  ®ust  be  zero  if  their  respective  sources  end  are  zero,  solving 
the  above  equations  for  the  S-parameters  gives: 


for  *  1,  Ej  •  0, 

Sn  -  1  -  100^ 

(43) 

S21  -  -100I2 

(44) 

for  Ej,  »  0,  E2  ■  1, 

s22  -  1  -  100I2 

(45) 

S12  -  -100^ 

(46) 

45 


Using  published  values  of  the  model  elements  as  listed  in  Fig. 


10,  the  scattering  parameters  over  the  2  to  12  GHz  range  were  calcu¬ 
lated  and  plotted  as  shown  in  Fig.  19.  The  element  values  were  then 
modified  to  provide  a  closer  fit  to  scattering  parameters  of  the  NEC  2 44 
FET  as  measured  on  the  network  analyzer.  These  new  element  values  are 
listed,  and  the  resulting  S-parametera  are  plotted  along  with  the 
measured  S-parameters  in  Fig.  20. 

B.  Analysis  of  Circuit  Model 

The  transmission  line  model  of  the  FET  amplifier  circuit  shown 
in  Fig.  17  can  be  analyzed  using  the  theory  of  two-port  networks.  The 
following  procedure  can  be  used  to  calculate  the  overall  scattering 
parameters  of  the  amplifier: 

(1)  Calculate  the  S-parameters  of  the  FET  due  to  shift  in 
reference  planes  away  from  the  device.  The  input  and  output  reference 
planes  are  shifted  through  the  electrical  distances  Z ^  and  respec¬ 
tively,  to  obtain  matrix  IS"]. 

(2)  Calculate  the  transmission  parameters  of  the  shifted 
S-parameter  matrix,  IS"],  to  obtain  matrix  [T'J . 

(3)  Calculate  the  transmission  parameters  of  the  low  impedance 
transmission  line  sections  Z ^  and  t0  obtain  matrices  [T^]  and  [T^] . 

(4)  Multiply:  [T^] [T"3 IT2]  “  IT],  the  transmission  matrix  of 
the  overall  amplifier  circuit. 

(5)  Calculate  the  overall  scattering  parameters  from  the 
matrix  [T]. 

A  program  was  written  in  BASIC  to  perform  these  calculations, 
given  the  device  S-parameters,  frequency,  lengths  Z^  to  Z and  Z^- 
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Fig.  19.  S-Parai 
Publis 


Program  to  calculate  the  S-parameters 
of  o  microwove  GaAs  FET  given  the  lumped 
equivalent  circuit  element  value*. 

The  equivalent  circuit  is  based  on  a  theoretic' 
device  model  given  by  Pucel  (IEEE  Trans  E  D  i  . 
The  element  values  are  entered  into  data 
lines  10  thru  24  as  fol lous  i 
Ls , L  g , Ld , R g , Rd  ,  Rc  ,  Cdg  ,  Cgc  ,  Co  ,  gmo 


DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 


8E-  1  1 
2E-10 
3E-10 
8 

2 . 9 

.9 

300 

1.33 

1E  +  10 

4 .2E-12 

5E-15 

3 . 3  E  -  1  3 

IE-13 

.03 

A> 


X  measured  (9  GHz) 

Q -  calculated  (9  GHz) 


+  .90 


*.l  *  10 


,J*x, 


Fig.  20.  Revised  Model  Element  Values  and  Scattering  Parameters 
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The  program  was  used  to  calculate  the  overall  scattering  parameters  of 
the  circuit  model  of  Fig.  17  using  both  measured  device  S-parameters, 
and  those  predicted  by  the  modified  equivalent  circuit  model.  The 
results  of  the  modeling  are  plotted  in  Figs.  21  thru  24 ,  along  with  the 
measured  amplifier  performance  for  comparison. 


IV.  CONCLUSIONS 

An  adjustable  microstrip  matching  technique  has  been  developed  using 
metallized  ceramic  squares  (METCHIPs) .  This  structure  has  demonstrated 
reproducible  performance  due  to  the  high  degree  of  flatness  of  the  cera¬ 
mic  material,  and  due  to  the  uniformity  in  size  afforded  by  the  laser 
cutting  tool.  A  good  impedance  transformation  over  a  moderate  band¬ 
width  has  been  demonstrated  using  METCHIP  matching  of  a  low  noise  GaAs 
FET  amplifier  stage  at  X-band.  An  empirical  model  was  developed  for 
the  METCHIP  structure  by  modifying  the  transmission  line  model  to 
account  for  fringing  effects.  This  modified  model  was  used  to  construct 
an  overall  circuit  model  for  a  GaAs  FET  amplifier  stage.  An  analysis  of 
the  overall  circuit  model  showed  a  close  correspondence  with  the  actual 
measured  amplifier  characteristics. 
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